these died. The most common findings were ground-glass opacities (10/12; 83%) and pulmonary consolidation (7/12; 58%) predominantly with a bilateral distribution. Reticular pattern and a tree-in-bud appearance were found in 3/12 (25%), respectively. Bilateral opacities with extensive involvement of the lung parenchyma were most predictive of a severe clinical course. Conclusion: The MDCT scan in immunocompromised patients with confirmed S-OIV infection frequently revealed pulmonary abnormalities, which included ground-glass opacities and consolidations. Therefore, prediction of an adverse clinical outcome could be made in patients with MDCT findings demonstrating bilateral extensive consolidations, often combined with ground-glass opacities.
continents [1] . Although the majority of cases revealed a mild, self-limited course, severe illness with an adverse outcome including progressive respiratory failure, acute respiratory distress syndrome and death was described in younger individuals, pregnant women, patients with chronic lung disease, and immunocompromised patients [2] [3] [4] [5] . As August 1, 2010 over 18,449 deaths among laboratory-confirmed cases of S-OIV had been reported to the World Health Organization [6] . In 2009, a large study of patients with S-OIV infection showed that 18% of adult hospitalized patients were immunocompromised, either due to immunodeficiency or immunosuppressive medication [4] .
Recent reports demonstrated that immunocompromised individuals such as patients following hematopoietic stem cell transplantation and those receiving chemotherapy due to leukemia are at an increased risk for influenza and a more severe and prolonged course [7, 8] .
So far, only little is known about the imaging findings in immunocompromised patients suffering from respiratory affection of S-OIV [8, 9] . Therefore, the purpose of this study was to describe the initial pulmonary multidetector computed tomographic (MDCT) findings of S-OIV infection in immunocompromised patients and to determine whether or not identification of certain abnormalities can help predict patients who are at risk for a severe clinical course.
Subjects and Methods

Study Population
As this was a retrospective study written informed consent was waived. First, between June 2009 and February 2010 the archive of the Department of Medical Microbiology, Virology and Hygiene was screened for patients with positive results by realtime reverse transcriptase polymerase chain reaction tests of respiratory swabs for S-OIV. This resulted in 231 individuals. Further, this subset was reduced to patients with underlying immunocompression. Patients were considered immunocompromised if they suffered from hematological malignancies or human immunodeficiency virus (HIV) infection, had received hematopoietic stem cell or solid organ transplantation, or if they were receiving immunosuppressive therapy including corticosteroids. Therefore, 14 of the 231 patients were identified as being immunocompromised and having undergone thoracic MDCT. One of these 14 patients was excluded because of concomitant pulmonary invasive aspergillosis, thus the patient sample for the present study was reduced to 13 immunocompromised patients.
The underlying immunocompromising medical conditions of the patient sample were as follows: hematological malignancies (n = 9) including 4 patients who had already received hematopoietic stem cell transplantation. All were diagnosed with S-OIV infection before day 100 after transplantation. Four patients with hematological malignancies were receiving chemotherapy. One patient suffered from an acquired immunodeficiency syndrome. Three patients were immunocompromised due to immunosuppressive therapy with cyclosporine, everolimus, methotrexate, azathioprine or long-term oral corticosteroid therapy. The administered immunosuppressive therapy was given for solid organ transplantation (n = 2) and chronic obstructive pulmonary disease (n = 1). The underlying disease of 1 of the patients with the organ transplant was Wegener's granulomatosis. Six patients were lymphopenic, 4 neutropenic and another 4 leukopenic.
The study population consisted of 9 men and 4 women ranging in age from 43 to 68 (mean age 59 years).
MDCT Image Acquisition
MDCT scans were performed on average 7 days after the onset of symptoms (range, 4-11 days). Thoracic MDCT studies were performed using a 256-slice MDCT scanner (Brilliance iCT, Philips, Best, The Netherlands) in standard resolution mode. Highresolution mode was not available for the studies. The image acquisition parameters were chosen as follows: tube voltage 120 kV; tube current time product 150-200 mAs; rotation time 500 ms; pitch 0.993 and slice thickness 5 mm. Nine MDCT studies were performed without contrast and 0.6-mm reformats were obtained. In 4 patients 70 ml of an iodine-based contrast agent (Imeron 300, Bracco Imaging, Germany) was administered at an injection rate of 4 ml/s.
Image Analysis
Using a standard PACS viewer (Centricity PACS Viewer, GE Healthcare, Munich, Germany) two radiologists (A.L. and M.R.) consensually reviewed all MDCTs. They were blinded to the clinical symptoms and outcomes of the patients. All images were assessed for the presence of several abnormal patterns, which were further subclassified according to the definitions of the Fleischner Society glossary as ground-glass opacities (hazy increased opacity with preservation of bronchial and vascular margins), consolidations (increased opacity obscuring bronchial and vascular margins), nodules (rounded focal opacities ! 3 cm), reticular pattern (linear opacities forming a meshlike pattern) and tree-inbud pattern (centrilobular branching structures) [10] . The presence of an air bronchogram was also noted. The distribution was divided into unilateral, bilateral, central, peribronchovascular or subpleural. The extent of the findings was graded into 0-25, 26-50, 51-75, 76-100% of lung parenchyma. Enlargement of mediastinal or hilar lymph nodes and pleural effusion was also noted.
The pattern and distribution of the findings were further analyzed with respect to the clinical course and outcome. Adverse outcome measures were defined as the need for mechanical ventilation, extracorporeal membrane oxygenation therapy or the occurrence of death.
Statistical Analysis
Quantitative parameters were reported as the mean 8 standard deviation. For categorical variables, the percentages of patients in each category were calculated. Differences in the two groups were tested by using Fisher's exact test. A two-tailed p value of less than 0.05 indicated a significant difference. All of the data were analyzed with statistical software (SPSS, version 20.0; SPSS, Chicago, Ill., USA).
Results
Of the 13 immunocompromised patients, 12 (92%) revealed abnormalities on the initial MDCT. Of 12 patients with an abnormal MDCT, 6 (50%) showed an adverse outcome with respiratory failure and acute respiratory distress syndrome, 4 of these died. The remaining 6 of the 12 patients with initial abnormal imaging findings had a mild clinical course.
MDCT Findings
Of the 12 immunocompromised patients with abnormal MDCT findings, 10 (83%) were dominated by ground-glass opacities. Consolidation was revealed in 7 (58%) patients. A combination of both patterns was seen in 6 (50%) patients ( fig. 1 ). MDCT findings are summarized in table 1 .
An air bronchogram is included in the majority of the MDCT scans (10/12, 83%). Three (25%) patients with abnormal findings revealed centrilobular nodules in a treein-bud pattern. Nodular opacities were seen in only 2 (17%) patients. All 12 patients demonstrated subpleural predominance of abnormalities; of the 12 patients 11 (92%) showed a peribronchovascular distribution. The detected abnormalities were bilateral in 10 (83%), predominantly affecting the lower lung in 9 (75%), and the middle lung zone in 7 (58%). Five (42%) patients showed an involvement of more than 50% of the lung parenchyma, including 33% (4/12) of patients, in whom 1 75% of the lung parenchyma was affected. Nodal enlargement was depicted in 5 (42%) patients. Pleural effusion was seen in 4 (33%) patients.
MDCT Findings in Patients with an Adverse Outcome
Comparing the initial abnormal MDCT scans of those 6 patients with an adverse outcome to the remaining 6 patients with a favorable outcome, MDCT data revealed a markedly higher frequency of consolidation in patients with an adverse outcome (5/6, 83% vs. 2/6, 33%). However, this difference was not statistical significant (p = 0.24).
Ground-glass opacities were detected in 5 of 6 MDCT datasets of patients with an adverse outcome as well as in 5 of 6 abnormal MDCT datasets of patients with a favorable outcome.
The combination of consolidations and ground-glass opacities with a bilateral affection of the lung parenchyma was found more frequently in the group of patients showing a severe clinical course (consolidation + groundglass opacities: 4/6, 67% vs. 2/6, 33%; bilateral: 6/6, 100% vs. 4/6, 67%) ( fig. 2 ) . Tree-in-bud pattern was detected in half of the patients with a favorable outcome (3/6); it was not found in patients with an adverse course. All 6 patients with an adverse outcome showed bilateral and subpleural distribution of the observed abnormalities. Markedly more patients with an adverse outcome had an additional involvement of the central lung zones than did those patients who had a favorable clinical outcome (5/6, 83% vs. 1/6, 17%). Involvement of more than 50% of the lung parenchyma was seen in 4 (67%) patients with a poor outcome ( fig. 2 b) , while only 1 patient with a mild course was found to have involvement of more than 50% of the lung parenchyma.
Discussion
Within the study population of 13 immunocompromised individuals with confirmed S-OIV infection, 12 (92%) patients showed abnormal MDCT findings. Ground-glass opacities, frequently in a bilateral and subpleural distribution, were detected in the majority of the patients. Furthermore, consolidations were also commonly identified.
Half of the immunocompromised patients with initial abnormal findings revealed an adverse outcome. The bilateral distribution of consolidation with extensive involvement of the lung parenchyma correlated with an adverse outcome. These findings seem to be of some diagnostic value since all patients who revealed these abnormalities subsequently underwent life-supporting treatments such as mechanical ventilation and extracorporeal membrane oxygenation that required close monitoring.
Additional infection of the respiratory tract is known as a major cause of morbidity and mortality in immunocompromised patients such as individuals with hematopoietic stem cell transplantation, solid organ transplant, HIV infection or long-term corticosteroid therapy [7, 11, 12] . In a large US case series of hospitalized patients with S-OIV infection, underlying medical conditions were found in 67% of patients admitted to intensive care units, including immunosuppression (in 18%), asthma or chronic obstructive pulmonary disease (in 28%) [2] .
Although the general radiological findings of thoracic S-OIV manifestation have been described in previous reports [13] [14] [15] [16] [17] [18] , hardly any attention was paid to the subset of immunocompromised patients [8, 9] who were described as a high-risk group for S-OIV infection and a more severe course [7, 19] . Therefore, the present report has shown the importance of MDCT findings and their relevance in this special high-risk patient population.
Elicker et al. [9] described the MDCT findings in 8 immunocompromised patients with H1N1 infection, in which the most common findings were peripheral consolidation involving the lower lobes, ground-glass opacities, airway thickening/dilatation, centrilobular nodules and tree-in-bud pattern.
In our study, the predominant findings on MDCT were ground-glass opacities and consolidations, mostly bilateral with a peribronchovascular distribution. These predominant MDCT findings may be due to the ongoing pathological processes in the alveolar epithelium caused by S-OIV. Chan et al. [20] reported a high replication rate of S-OIV in bronchial epithelium, which can result in diffuse alveolar damage. However, the abnormal patterns identified in the present study in immunocompromised patients were concordant with those previously reported in immunocompetent individuals [14, 21] . However, an important difference between our findings and others is the rather high rate of patients with abnormal pulmonary findings at cross-sectional imaging and the high prevalence of a severe clinical course. These findings suggest that in immunocompromised patients an S-OIV infection can cause high morbidity and can affect the clinical course, resulting in severe pulmonary infection with acute respiratory distress syndrome and death. While 50% of our immunocompromised patients with initially abnormal radiologic findings had an adverse outcome, Aviram et al. [16] reported a rate of only 13% investigating immunocompetent patients exclusively. Hence, a severe outcome seems to be more frequent in the vulnerable group of patients suffering from immune deficiency.
The MDCT predictors of a severe clinical course were bilateral distribution of consolidation with extensive involvement of the lung parenchyma including the central lung zones. These findings seem to predict the progression of the S-OIV pulmonary infection to respiratory failure and ARDS requiring admission to the intensive care unit and the need for life-support treatments. Therefore, the early detection of these abnormalities at MDCT can help predict an adverse clinical outcome and to identify high-risk immunocompromised patients requiring close monitoring. In concordance with reports of immunocompromised patients having undergone imaging for various indications other than S-OIV [22] , the MDCT finding of a tree-in-bud pattern was also demonstrated in this patient sample. This small-airway-related finding may provide radiological support for the findings of Munster et al. [23] , who demonstrated the replication of S-OIV to occur not only in the trachea and bronchi but also in the bronchioles, using a ferret pathogenesis model. Although bacteria are the most common cause of infectious bronchiolitis in immunocompromised patients, the differential diagnosis of this pattern does not only include mycobacterial or fungal infections but also viral disorders [24] . In our study focal areas of centrilobular nodular findings in a tree-in-bud pattern were frequently identified in patients with a mild course and may represent a mild localized inflammation.
This study has certain limitations. First, it was performed retrospectively, but a prospective study of immunocompromised patients with an acute onset is hardly feasible. Secondly, this report is limited by the heterogeneity of the study population consisting of different types of immunocompromised conditions. Thirdly, the assessment of an adverse outcome was based on only three parameters (the need for mechanical ventilation, extracorporeal membrane oxygenation, and death).
Conclusion
Initial MDCT findings were frequently abnormal in immunocompromised patients with suspected pulmonary involvement of confirmed S-OIV infection. Common initial findings were ground-glass opacities and consolidations predominantly with a bilateral distribution. Although the level of statistical significance was not reached, these results suggest that initial MDCT findings can help in predicting patient's outcome as bilateral consolidations, often combined with ground-glass opacities, with an extensive involvement of the lung parenchyma are frequently associated with an adverse clinical outcome.
